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A.J1. >KypaBjieB 



*' { itnlnimiailw 

Tpy6a, cnoco6 h ycTpoftcTBO «jm ycoBepmeHCTBOBaHHH 

Tpy6onpOBOflOB H T.n. KOHCipyKIJHH 

KboGpeTeHHe othochtcji k Tpy6onpoBO#aM h T.n. KOHCTpyicmMM h modic^t 
Hcnojn>30BaTBCH b aBHamm, MeTajiJiypran, cyflocTpoeHHH, He^Tera30BOH, pa- 

KeTHO-KOCMHHeCKOH, XHMHHeCKOH H ffp. OTpaCJMX npOMBIDUieHHOCTH . 

H3BecTHi>i TpyGbi, co6npaeMBie b Tpy6onpoBo;p>i cBapKofi, MexamraecKHM 
HararoM hjih pe3i>6oH [1]. IIpHraeM, Tpy6ti c pe3B6oBBiM coeflHHeHneM coflep^caT 
ipiJiHHApKraecKyio o6ojiOHKy h kohu.cbbic pe3B6Bi. 

HeflocTaTOK Bcex sthx H3flejiHH — HH3Ka# KOHTpojienpHro^HOCTB h bmco- 
K3K TpyAoeivncocTB peMOHTa, nacTO Tpe6yiomaa ocTaHOBKH 3KCiuiyaTaipni Tpy- 

6onpOBO«OB, WTO IipHBOAHT K ipOMaflHBIM nOTepjIM B HapOflHOM X03*HCTBe. 

3to CB«3aHO c OTcyrcxBHeM y o6ojiohkobbix KOHCTpyKijHH HaAJieacaniHX 

4>yHKIXHH H HeBBICOKHM TeXHHKO-3K0HOMHHeCKHM ypOBHCM CymeCTByiOmHX 

TexHonorafi Kompojia h peMOHTa oGbcktob. 

KbBecTeH cnoco6 KOHrpojra He^TenpoBOflOB, 3aKJiK)HaK>njHHC£ b tom, hto 
B6jra3H He^TenpoBOAa MOHTHpyioT Ka6ejiB-flaT*mK, noAKjnonaioT Ka6 e JiB-^aTHHK 
k MOHHTOpy h no noKa3aHHHM MOHHTOpa onpeaejunoT Tent Ha ynacTice He<|>Te- 
npOBO^a [2]. 

Cnoco6 onpeflejweT cKB03HBie fle^eKTBi 6e3 Henocpe^cTB6HHoro flocryna 
h ocTaHOBKH He<|>TenpoBOflOB. Ero npHHixHn aeficTBira ocHOBaH Ha pasaejieHHH 

3KHJI Ka6eJIB-flaTHHKa naTeHTOBaHHBIM CHHTeTHHeCKHM flH3JieKTpHKOM, pacTBO- 

pmonpiMCH He^TBio hjih ee KOMnoHeHTaMH. Ilpn noflBJieHHH b6jih3H flamioro 
^aTHHKa yrenKH He(J>TH cBOHCTBa ero nepe3 HeKOTopoe BpeMfl, KaK 3Jieicrponpo- 
BOAHmefi ijeiiH, ipnoiHHecKH TecTHpyeMOH KOMm>K)TepoM, H3MeHjnoTca, hto 
(|>HKCHpyeTca, o6pa6aTBiBaeTca h npeacTaBjmeTca onepaTopy Ha 3KpaHe flHcnjiea 
annapaTHO-nporpaMMHMMH cpe^cTBaMH MOHHTOpa. OnpefleneHHe yreHKH (oTKa- 
3a H€(|)TenpoBOfla) MoaeeT chjibho 3aaep)KHBaTBCJi. HanpHMep, b xojio#Hoe Bpeivw 



rofla npH Bt>3HHKHOBeHHH MajioH yTeHKH, Korfla rpyHT 3a noAyimcofi BOKpyr ipy- 
6bi 3aMep3aeT, BBixo^maa H3 Tpy6onpoBOfla He<jm> crymaeTca h ee noflBnac- 
hoctb yxyamaeTca, hto aioyajiBHo #jw He^raHBix MecTopo»cfleHHH CeBepa Poc- 
chh. 3aBHCHT 3to b ochobhom ox TeMnepaTypBi, BBiTeKaiomero b e^HHiiy Bpe- 
MeHH o6i>eMa, CKopocra pacnpocTpaHemra npo^yKTa h paccTo;mira ot yreHKH #o 
flaTHHKa, a TaioKe TeMna pacTBOperora TaKoro flH3JieiapHKa. Eonee pacnpocTpa- 
HeHHue fle^eKTBi cnoco6 «He bh,d[ht», — tojibko ckbo3hbig, pearapya hckjiiohh- 
TejiBHO Ha HapymeHHe pa3«ejiHTejiBHOH (^yiiKipm o6ojiohkh b npoi;ecce 3kc- 
iuiyaTaij(HH, xotji HecKB03HBie noBpeacflemra BCxpenaioTca b Tpy6onpoBOflax ro- 
pa3flo name ckbo3Hbix. MecTO tchh bbdibjihctc^ hm He tohho, hto 3aTpyAH>ieT h 
yaopoacaeT peMOHT ynacTKa. HaKOHeii, pemeHHe He paGoTaeT b oG-BtKrax ropa- 
Hero h xonoAHoro Bo^ocHa6»ceHHa, b naponpoBO#ax h T.n. 

YcxpoHCTBO rjisl ocymecTBJiemra cnoco6a coflepaarr nocjie^oBaTejiBHO 
coeAHHeHHBie nep<|>opHpoBaHHyio Tpy6xy, Ka6ejiB-flaTHHK, co#ep»anxHH flBa 

H30HHpOBaHHBIX npOBOAHHKa, H MOHHTOp [2]. 

Ho OHO MajIO 3(|)^eKTHBHO H3-3a BJIHJIHHfl 3JieKTpOMarHHTHBIX HOMeX. JJflX 

3^^eKTHBHOH pa6oTBi aonojiHHTejiBHO HcnojiB3yK>T KOHTpojiBHBiH Ka6ejiB. Ero 
AH3JieicrpHK yrjieBo^opoflBi He pacTBopjnoT, ocTanBHBie xapaKTepHCTHKH Ka6e- 
Jieii conocTaBHMBi. IloMexH HAeHTHHHBie, TaKHM o6pa30M, Ha Ka6ejrax h bbihh- 
TaeMBie .opyr H3 apyra mohhtopom, noflaBjunoTCJi. CHraajiBi yTeneK, B03HHKaio- 
nine Ha oahom Ka6ejie, peracTpnpyioTca 6e3 npo6neM. 

H^Gojioe^w^KHM no TexmraecKOMy cynjecTBy k npe#jiaraeMOMy abjm- 
eTca ^noco,6 kohtpojm ^eiJ)Tera3onpoBOflOB 6ojiBmoro anaMexpa, 3aianoHaio- 
injraca b tom, HTO*o6cne,ayK)T Tpy6onpoBO# MexamrqecKH nepeMemaiomHMC^ b 
h6m nopnraeM, perHCTpnpyiOT kohtpojibhoh annapaTypoft nopiiraa ero MecTO- 
nonoDKemie no fljnme Tpy6Bi h 3HaHeHHa <J>H3HHecKHx nojien ctchkh, h nocne 
o6cjieflOBaHHfl no napaMeipaM peracTpaijHH yKa3BiBaioT fle4)eKTBi cTemcH h hx 
xapaKTepHCTHKH b Tpy6onpoBOfle [3, 4]. 

Cnoco6 BBMBJMeT pa3BHBaK>nmec£ h onacHBie H3 hhx (KpHTHHecKHe) fle- 
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(|>eieTBi CTemcH, t.k. bosmoecho onpeflejieHHe pa3MepoB, npHpamemm, CKopocra 
pa3BHTHH h MecTonojio^EceHHH noBpe^cfleHHH. TaKHM o6pa30M, npeflnojiaraeTc^ 
HCKJOoneHHe OTKa3a oG'BeKTOB, ho cna6o yHHTtmaioTC^ 3aTpaTBi hx 3KcnjiyaTa- 
KHH Ha KOHTpOTiB h pcMOHT, Tieo6xo7iHMEiH npH ycTpaHCHHH Hafi#eHHoro #e(|>eK- 
xa h ero nponycKe. Tpe6yeTca BHyTpeHHHfi flocrryn k Tpy6e, ocHameHHe ee Ka- 
MepaMH npHeMa-3anycKa, KOMnBK>TepHaa ceTB h ocHOBaTejiBHoe nporpaMMHoe h 
MeTpojioraHecKoe oGecnenemie. HeflocTaTKOM 3Toro cnoco6a, Kaic h BBimeyno- 
MHHyToro cnocoGa, flBjraeTca HeBBicoKaa HafleacHOCTB. IIphhhhbi cjie^yiomHe: 

1) . Ko3<Jx|>Hii;HeHTBi BBMBJMeMOCTH h nporao3a ,n;e<j)eKTOB He AOcraraioT 
3fl;ecB npeflejiBHBix bcjihhmh. B ochobhom, H3-3a OTHomeHira cnraaji/myM 3JieK- 
tpohhbix H3MepeHHH, a Taioice MeTOflHHecKHX h HHCTpyMeHTajiBHBix norpeinHO- 
cTefi Hepa3pymaK>mero kohtpojm, b t.h. npo6neM cpaBHeraw: ae<|>eKTa c 3Tajio- 
hom (<j)opMa, pa3Mep, opHeHTauira h pacnojicoKeHHe otho cHTe jibho cBapHBix 
ihbob, 30H TepMHHecKoro BJWsmuK h o6pa3yiomHx - BepxHeii, hbdkhch — TpyGo- 
npOBOfla), oinH6Ka H3MepeHHa paccTOjmira flo fle^eicra h np.; 

2) . 06cjieAOBaHHe nopnmeM cymecTBeimo flOJiBine TeeTHpoBaHira KaGejiB- 
flarraica KOMin>K)TepOM h He BBMBJweT nepexofl pa3BHBaK>meroc5i fle(J>eKTa b 
pe&psiK onacHoro. Ilepexofl HacrynaeT npH flocTHHceHHH #e4>eKTOM okojiokphth- 
necKoro pa3Mepa (ycjiosne rpH^HTca), ho bo BpeMeHH He onpe,n;ejieH. Kb-3a 
pa36pocoB ^H3HKO-MexaHHHecKHX cbohctb MaTepnajia, TOJimH CTeHKH, ee KOp- 
p03HH, CTaTraca-AHHaMEraecKOH Harpy3KH, h T.fl. MuHHManBHBiH nepnoa cnoco6a 
3aflaH cyMMOH BpeMeH kohtpojm ynacTKa, B03Bpamemra k ncxoflHOMy nymcTy h 
no^roTOBKH nopmHH fljra hoboto oGcjieflOBamtti 6e3 yneTa BpeMeHH c6poca h 

06pa60TKH HH(|>OpMaipiH B CeTH. PeaJIBHBIH nepHOA oGcjieflOBaHira pOCCHHCKHX 

He4>Tera3onpoBOflOB cocTaBHT, no Been bh^hmocth, 6onee 2-3 JieT. A TaKOH 06- 
menpH3HaHHBiH pa3BHBaK>mHficH «e(|)eKT KaK TpenpiHa, flBjrarom^cfl, b Hacrao- 
cth, noTeHijHajn>HBiM hctohhhkom OTKa30B h TJDKejiBix aBapHH Ha ra3onpOBO^ax, 
noflpacTaeT cnynaSHBiMH cicaHKaMH b HeH3BecTHBie momchtbi BpeMeHH; npnneM 
ckopoctb CKaHKa, ycTynaa CKopocra yjiBTpa3ByKa b ctojih, npeBocxoflHT cko- 
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pocTB nepeMememra nopnnw Ha 2-3 nop^zpca. BejiHHHHa CKanica He jihmhthpo- 
BaHa: 10%, 400-500 h 6ojiee % ot pa3Mepa KpHTHHecKOH ipemHHBi, - b6jih3h 
tohkh nepexoaa, tbk Ha3BiBaeMaa MaracTpajiBHaa Tpemraia. Tlpu aBapirax Ha ra- 
3onpOBOflax oHa flocraraeT KHJioMeTpoBofi ajihhbi, Ha HecJnrenpoBOflax — He- 
ckojibkhx MexpoB; 

3). Be30TKa3HOcra nopniHH npeiraTCTByeT ero cjioechoctb. Oh coAepEarr 
[3, 4]: repMeraHHyio ceKXjHOHHyio KOHCTpyiojrao, Haxofl^niyiocH nofl flaBJieHHeM 
cpe^Bi c B3pBiBa— , no^capoonacHBiMH, tokchhhbimh h pp. cbohctb &mh \ KonecHBift 
npHBOA c ycTpoficTBOM H3MepeHHH MecTonojioEcemra; BBicoKOTOHHBie aHajioro- 
nji4>POBBie KaHajiBi; cneijHajiBHyio 3MB c nporpaMMaMH; hctohhhkh CTa6njiB- 
Horo 3JieKrponHTaHH^, nenaraBie miaTBi, pa3B§MBi h naincH; yjiBipasByicoBBie, 
sjieicrpoMarHHTHBie h pp. thitbi flaxmncoB pjw BBMBJieHiM aHOMajiHH b MaTepna- 
Jie CTeHKH; HaMarHHHHBaiomee ycTpoftcTso h T.n. IIpHHeM, Bee 3to aojihcho xo- 
porao pa6oTaTB b ycjioBHflx 3KcnnyaTaijHH o6*BeKTOB, r^e tojibko roflOBOH nepe- 
nafl Teivmepaiyp flocmraeT 70-90°C, hto ocjic»KHaeT flejio. 

HbBecTHBi cnoco6 h ycTponcTBo pjix peMOHTa Tpy6onpOBO£OB [5], ocho- 
BaHHBie Ha BHemHeM ynpoHHeHHH Tpy6Bi. 

B 3tom cnoco6e mccto noBpeamemra TpyGonpOBOAa JiOKajiH3yioT po 06- 
pa30BaHira MarncTpajiBHOH TpenjHHBi, a Tpy6onpoBo,n ynpoHBwnoT nepeA ynjiOT- 
HeHHeM noBpe^cfleHHa nocne nomDiceHHa aaBjieHira [5]. 

YcTpoHCTBO coflepECHT He MeHee flByx ynjioTHeHHH b BHAe noAKpenjraio- 
mnx cimpajiBHBix 3neMeHTOB ? HaMaTBiBaeMBix Ha Tpy6y no o6e ctopohbi ot ipe- 
iuhhbi, HMeioTca b h6m h AP- flexajiH [5], 

He^ocTaTOK TaKoro BoccTaHOBjiemra o6bcktob — OTHOCHTejiBHaa TpyAo- 
eMKocTB h npoflon^cHTejiBHocTB pa6oT, t.k. Tpe6yeTca £ocTaBica TpaHcnopTOM 
oSopyflOBaHHa h pa6onnx k Meciy noBpe^Aemra, pacKonxa 3KCKaBaTop om rpyH- 
Ta BOKpyr Tpy6Bi, co6cTBeHHO peMOHT h T.n. 

H3BeCTeH TaiOKe MeTOA KOHTpOJM H BOCCTaHOBJieHHH o6BeKTOB, noBpeae- 

AeHHBix u;apanHHaMH [6]. 
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Ha iuiacTHHKy c yrjiyGjieroaiMH HaHocaT noKptirae, aaHHBie b cnHpajiBHOH 
flopoacKe npH 3anHCH nepeMeacyioT, a BoccTaHaBJiHBaioT hx no 3aaaHm>iM npn- 
3HaicaM npH BOcirpoHSBefleHHH [6]. 

IlpoHrpBiBaTejiB KOMnaicr-AHCKOB coflepacHT Jia3ep ? ABHraTejra, npH3My, 

(JjOTOflHOfl, KOflepBI, CXeMBI naMHTH H Hp. 3JieMCHTBI [6]- 

HeflocTaTOK 3TOH KOMmieKCHOH TexHonorHH - Heo6xoAHMOCTB BpameHHa 
imacTHHOK, hto orpaHHHHBaeT ee npHMeHeHHe ABH^cymHMHC^ o6BeicraMH- 

B CBeTe H3Jio^EceHHoro H3Bec*raBie TexHinecKHe peinemra no <|>yHKii;HflM ? 
KOHCTpyicu,iMM ? cnoco6aM h ycTpoficTBaM kohtpojm h peMOHTa o6i>eKTOB no- 
TeHUtnajiBHO He Moryr o6ecneHHTB 6e3aBapHHHOH 3KcnjiyaTaipra He^Tera3onpo- 

BOflOB, HTO B pOCCHHCKHX yCJIOBHHX npHBOflHT (H 6y«eT npHBO£HTB) K 3HaHH- 
TeJIBHBIM MaTepHaJIBHBIM, IipOH3BO#CTBeHHBIM, CBIpBeBBIM, BaJIK>THO-(j>H- 

HaHcoBBiM h pp. noTepaM. IIpHMepoB TOMy cyinecTByeT npe^ocTaTOHHO. 

3aaaHa H3o6peTemra - noBBimeHne OTKa3oycTOHHHBOCTH Tpy6onpoBOflOB 
h TOMy noAo6HBix KOHCTpyicn;HH nyTeM onpeflenemra ,zj;e<|>eKTOB h y np OHHeHira 
noBpeacAeHHofi cTemcH b peajiBHOM Macnrra6e BpeMemi. 

HacTHBie 3a,n;aHH: 

- npimaroie o6BeKTaM CBOHCTBa npoMBinuieHHOH KOHTponenpHro^HOCTH, 
BKJiioHaionjero, bo3mohchocth cBoeBpeMeHHoro h tohhoix> onpeaeneHira MecTO- 
nojio^KeHHH, pa3Mepa h ckopocth pa3BHTHa Ae^eKTOB; 

- CBOHCTBa caMOBOCCTaHOBJieHira ctchkh h yMeHBmeHHe Tpy^OeMKOCTH 
peMOHTHBix pa6oT Ha Tpy6onpOBOflax. 

3a#aHa pemaeTca TeM, hto H3BecTHaa Tpy6a [1] HMeeT, no MeHBniefi Me- 

pe, OflHH OnTHHeCKH npOBOflHIUJIH cnHpaJIBHBIH CJIOH RJW KOHTpOJM H peMOHTa 

CTemcH. Tpy6onpoBOfl co6paH H3 Tpy6 9 b kotopbix yKa3aHHBifi cjioh BBinojiHeH 
b CTemce b BHfle KaHaBKH, 3anojiHeHHOH ctckjiom. B cnoco6e KOHTpojra Tpy6o- 
npoBOflOB, npHH^TOM 3a npoToran [3], 3aKjnoHaioni;eMC5i b tom, hto o6cjie;uyK)T 
Tpy6onpoBOA, perHCTpnpyioT xapaicrepHCTHKH CTemcH h onpe#ejraK>T ee #e- 

(^eKTBI, OTJIHHaiOHXHHCa TeM, HTO HaKaTKOH CTeHKH H 3anojiHeHHeM HaKaTKH 




CTeioioM (J>opMnpyioT b Tpy6onpoBO,n;e, no MeHBmeH Mepe, opjm npoBOAHimra 
cirapanLHBiH cjioh, o6cjie,ziyioT ero onTHHecKHMH KOJie6aHmiMH, a fle^eKTM 
cTemoi onpe^ejiflioT no H3MeHemno napaMeTpoB Kone6aHHH. K TOMy »e, bhh- 
toboh mar cjioh BBi6npaK>T He 6ojn>me ajihhli KpHTHHecKoft TpemHHBi Tpy6o- 
npOBOfla. PaccToaroie flo fle^eicra Haxo^HT no npoH3Be#eHino ajihhh Tpy6o- 
npoBo^a Ha oraomeHHe BpeMeH npo6era oirrHHecKHx HMnyjiBcoB nocjie h #o 

HOJIBJieHIW: ^(^eKTa. <I>OpMHpyiOT CJIOH pa3HOH fle^OpMaTHBHOCTH, a cpoK OT- 

Ka3a Tpy6onpoBO^a onpeaeJunoT pacneTHBiM nyTeM no 3HaneHHHM fle^opMa- 

THBHOCTH CJIOeB H CTCHKH H MOMCHTaM BpCMCHH pa3pyineHHJI CJIOeB. KpOMe TO- 

ro, b cnoco6e peMOHTa TpyGonpoBOflOB [5], 3aionoHaK)DneMCH b tom, hto noHH- 
HeaioT b nojiocTH AaBneHHe h bo ccTaHaBJiHBaioT #e(]>eKTHyK> cTeHKy, OTJinnaio- 
npmcH TeM, hto aHajioriiHHO npe;p>i#ynjeMy cnoco6y 4>opMHpyK>T b Tpy6onpo- 
Bo^e yKa3aHHBifi cjioh, o6cjieflyK)T ero, ho no H3MeHeHHflM onTHHecKHX KOJie- 
6aHHH noHH^caioT flaBJiemie b nojiocra, a BoccTaHaBJiHBaioT #e<])eKTHyK> CTeHKy 
TenjioM KOJie6aHHH 5 nponycKaeMBix cnoeM b pacKpBrrae TpemHHBi. IIotok Ten- 
jia b pacKptirae TpemHHBi peryjmpyioT moie[hoctbk> nponycKaeMBix KOJie6a- 
hhh. MonmocTB nponycKaeMBix KOJie6aHHH yBejiHHHBaioT CTyneiraMH. BMecTe 
c TeM, ycTpoficTBo rjul ocymecTBJieHHH cnoco6a [2] , coAep>*camee aaTHHK h 
mohhtop, OTjranaiomeec^ TeM, hto cHa6:aceHO nocjieflOBarejiBHO coe#HHeHHBiMH 
6jiokom 6ecnepe6ofiHoro mrraHHH, npeo6pa30BaTeneM nocToamioro Hanpiiace- 
huh b nepeMeHHoe h onToajieicipoHHOH napofi, KOTOpaa coe^HHeHa c ^aTHHKOM 
— BOJioKOHHO-onnraecKOH jnnraeft, o6pa3yK>meH npoBOfljmxHH cimpajiBHBiii 
cjioh Tpy6onpoBOAa ? h nepBBiM bxo,hom MOHHTOpa, BTopofi Bxofl KOToporo nofl- 
KjnoHeH k BBixo^y npeo6pa30BaTejM HanpjDKeHira b nepeMeHHoe. JlpyvoVi Bapn- 
am ycTpoScTBa HMeeT b onToaneicrpoHHOH nape H3JiynaTeJiB b BH^e Jia3epa, - 
nonynpoBOAHHKOBoro Jia3epa. 

Abtop He 3HaKOM c aHajiorHHHBiMH pemeinMMH H3o6peTaTejiBCKOH 3a,n;aHH 

B flaHHOH HJIH 6JIH3KHX o6jiaCT^IX TeXHHKH. IIOSTOMy H3JKWKeHHyK> COBOKyn- 
HOCTB OTJIHHHTeJIBHBIX IipH3HaKOB CHHTaeT CymeCTBeHHOH. 



CxeMa H3o6peTeHiM no l apo6HO npe^cTaBJieHa Ha $Hrypax 1-3. 

Ha 4>Hrype 1 noica3aHBi BapnaHTBi Tpy6i>i c npOBOfl^mHM cimpajiBHBiM 
cjioeM (IICC), rfle 1 — Tpy6a (xpyeonpoBOfl), 2 - CTemca, 3 - BHennraa cimpajiB- 
Haa noBepxHOCTB, 4 — BHemrom IICC, 5 — rpamma BHenmux cirapajn>m>ix no- 
BepxHocTefi, 6 — BHyTpeHime cirapajiBHLie noBepxHOcra, 7 - rpamnja BHyrpeH- 
hhx cirapanLHBix noBepxHOCTeft, 8,9 h 10 — cooTBeTCTBeHHo cpe3Bi oirrHHecKoro 

BOJIOKHa, 3nOKCHflHOH MaTpHI^BI H flBOHHOrO CJIOH B KaHEBKC 

Ha (|>Hrype 2 - aimpoKCHMHpOBaHHaa AHarpaMMa pacTHEceHira cTajra, r^e 
a B - npe^eji npoHHOcra, 8 — othochtcjibhoc y,zuiHHeHne npH pa3pBise, 1 1 — ctbi- 
KOBOHHaa o6jiacTB ajm Tpy6 c nCC H3 cTemia. 

Ha <|>Hrype 3 — cxeMa h ycTpoficTBO KOHTpojra Tpy6onpoBOAOB. 06o3Hane- 
mra cxeMBi cooTBeTCTByioT cJ>Hrype 1. Yctpohctbo co,n;epECHT nocjie,n;oBaTejiBHO 
coeflHHeHHBie 6jiok 12 6ecnepe6oHHoro mrraHiiH, npeo6pa30BaTenB 13 Hanpa- 
acemra b nepeMeHHoe, onToajieicipoHHyio napy 14 h mohhtop 15, flpyraM bxo- 
flOM noflKjnoHeHHBifi k BBixofly npeo6pa30BaTejM 13. Ilapa 14 coe^HHeHa c IICC 
4. IIo3HE[HeH 16 OTMeneH csapHOH ctmk Tpy6. 

H3o6peTeHHe 3aianoHaeTca b cjieflyroinpM. 

Tpy6a (h pp. KOHCTpyKipra i5HjraHApHHecKOH o6ojiohkh) hmgct, no MeHB- 
mefi Mepe, oahh on-ranecKH nposoflanpiH cirapajiBHBifl cjioh (TICC) rjix KOHTpo- 
jm h peMOHTa CTeHKH (cm. 4> Hr YPy !)• 

B ijejrax npoMBinuieHHoro KOHTpojia h paHHero BOccTaHOBJiemifl Tpy6o- 
npOBOfl co6npaioT H3 Tpy6, b kotopbix 3T0T cjioh BBinojmeH b cTerace b bh^c 

KaHaBKH, 3anOJTHeHHOH np03paTOBIM &Jl% 3JieKTpOMarHHTHBIX KOJie6aHHH OIITH- 

qecKoro #Hana30Ha, TBep^BiM BemecTBOM, HanpHMep, cTeioioM. 
JJflx 3Toro npoH3BOflHT TaKHe ^eHCTBiia h onepau;HH. 

OopMHpyioT b Tpy6e (cm. no3Hn;HK> 1 ^raypBi 1) H3BecTHyio cnHpajiBHyio 
(no3Hmra 3, 4, 6 toh ace 4>HrypBi) noBepxHOCTB, HanpHMep, HaicaTKOH, mcthhkom 
huh HcnapeHHeM nacTH CTajn>HOH ctchkh (no3HHira 2 TaM ace) c<j)OKycHpoBaH- 
hbim nynoM na3epa. 3anojraeHHe (no3Hmai 8 (|)HrypBi 1) nonyneHHOH noBepxno- 



CTH CTeKJIOM, OCymeCTBJMIOT, B HaCTHOCTH, HaMOTKOH B KaHaBKy BOJIOKHa OIITH- 

necKHX jihhhh CBH3H (BOJIC), cKpenjraeMoro co cTeracoH a#re3HeH (b t.h. 3noK- 
CHflHBiM KJieeM - no3Hujra 9 TaM ace). IIopineHB ajw 3Toro (Ha $Hiypax He noica- 
3aH) CHa6^EcaeTca cooTBexcTByiomeH TexHonorHHecKoft ocHacTKofi, 

OnepauHH Sojiee 3(|><|>eKTHBHBi b 3aBOflCKHX ycjioBirax, t.k. cjioh noJiynaiOT 
BMCOKonpOH3BO < nHTejiLHBiM TexHonoranecKHM o6opyflOBaHHeM (pe3b6oHape3- 
Hbie, HaMOTOHHBie h pp. cpeflCTBa). Ko3(J>4>Hij;HeHT HcnojiB30Bamra MeTanJia npn 
(J)opMnpoBaHHH KaHaBKH pe3B6og HaHMeHBniHH. OflHaKO BHyrpeHHHH cjioh (no- 
3Hi^Ha 6 Ha <J>nrype l) bbdibjihct HeflocTymiBiH BHemHeMy, a6pa3HBHBiii H3Hoc 
ra3onpOBO^a MexaHHHecKHMH bkjceohchewmh b noTOKe npHpoflHoro rasa, t.k. 
CTemca ijapanaeTcs TBepflBiMH necHHHKaMH h nocreneHHO yTOiraeTCfl. 

OopMHpoBamie ocymecTBJi»OT no bhhtoboh jihhhh, mar KOTopoft (no3H- 

IJHH h 4>HiypBI 1) OrpaHHHHBaiOT, B HaCTHOCTH, nOJIOBHHOH flJIHHBI KpHTHHCCKOH 

TpenjHHBi i;HJiHHflpHHecKOH o6ojiohkh, HarpyaceHHOH BHyipeHHHM flaBJieHHeM, 
hto rio3BOJiaeT CBoeBpeMeHHO onpeflenHTb 100% onacHBix npoflOJiBHbix TpemHH 
b Tpy6onpoBOfle h flpyrae ero 3KcnjiyaranHOHHbie ffe^eKTBi. BejiHHHHy 3Toro 
raara paccHHTbisaioT, HanpHMep, no <J>opMyjie: 
h<WE/7ia 2 , 

r^e W— y^ejibHaH pa6oTa pa3pynieHna Tpy6onpoBOfla; 
E - MOflyjiB ynpyrocra K)Hra MarepHana; 
a — cpeflHee pacraraBaiomee HanpJDKCHHe. 

HaxaTKe (KaHaBKe) npHflaiOT, b nacraocTH, Tpanei#ra#ajibHoe ceneHHe 
(cm. no3HiiHH 5, 7 Ha (jrarype 1) co cpeflHefi mnpHHOH 1-10% ee BHHTOBoro ma- 
ra. TaKoe ceneHHe Jiynme jap. reoMCTpHHecKHX 4>opM ceneHHH, HanpHMep, Tpe- 
yrojiBHoro, t.k. HyacflaeTca b MeHbmefi tohhocth MexaHOo6pa6oTKH npn pa3Me- 
meHHH b KaHaBKe totoboto onTHHecKoro Ka6ejw h MeHtme KOHueHTpnpyeT Ha- 
np^KeHiM Tpy6bi. LUar IICC npHMeiraeTCfl, KaK npaBHJio, no ctokhhbih . 

rjiy6iffly (BBicoTy) KaHaBKH ycTanaBUHBaioT H3 hcckojibkhx coo6paaceHHft: 
TOJimy CTeHKH npn H3roTOBJieHHH ipy6 Bbi6HpaioT no ycjioBHHM npoHHOCTH h 
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Haae)KHOCTH 5 T.e. hto6bi pe3i>6a h KaHaBKH He yMeHBmajra ceHemra, BBi#epaeH- 
Baiomero pacneTHBie flaBJiemoi; BOJIC He BHXOflHJia Hapyacy 3a CTemcy Tpy6w 
fljia HCKrnoHeHHH noBpe^czteHHH npn cipoHTejiBCTBe Tpy6onpOB0£a h TpaHcnop- 
rapoBKe Tpy6. MoHOBOJioKHy HyacHa HerJiy6oKaa KaHaBKa, HanpHMep, 0,3-0,7 
mm. Tpy6bi MoryT hmctb saBO^CKyio (cTpoHTenBHyio) h30jihuhio. 

PacraaeeHHe cTajiBHoro Tpy6onpoBO,n;a h T1CC TexHOJioriraecKH «yBH3Bi- 
BaK>T», T.e, Hanajiy h/hjih pa3BHTino iiji^h^c]^ 

coorae^^ pa3pymeHH.e cTeKJia (cm. <J>Hrypy 2). Taicon 

o6*BeKT Hafle^KeH b nrapoKOM flHana30He TeMnepaTyp b cmiy npHMepHoro paBeH- 
CTBa TeMnepaTypHBix K03(|><j)HiXHeHT0B jiHHeiffloro pacniHpeHHfl o6ohx kohct- 
pyKujioHHBix MaTepHanoB. PacraaceHira cornacoBBiBaiOT, HanpHMep, pa3Meme- 
HHeM BOJIC Ha npe^BapHTejiBHO HarpyaceHHoft BHyip eHHHM flaBjiemieM Tpy6e c 
KaHaBKOH. ypoBeHB AaBJieHHH ycTaHaBjraBaioT, b HacmocTH, npn OTpa6oTKe 
npOH3BOACTBa Tpy6 no BejiHHHHaM nJioma^KH TeKynecra Tpy6HOH cTajiH (no3H- 
ipra 1 1 4>HrypBi 2) h fle^opMacjiH BOJiOKHa (2-5%) b momcht ero pa3pyroeHira. 
Onepaijira npOBOAHTBca, HanpHMep, nocrie KajraGpOBKH (sKcnaHAHpOBamra) 
TOHKOCTeHHBix Tpy6 no AHaMeTpy. B npouecce HaMOTKH cTeiaiOBOJioKHa b Ka- 
HaBKy npHMeHJnoT He6ojiBm HaTJDKeHHe. 

Cjioh H3 ppyx I1CC (pacnojiaraioTca Ha Tpy6e pflflOM, no3Hii;Hfl 10 4>HiypBi 

1) C pa3HBIMH yAJIHHeHHHMH npH pa3pBIBe (fle^OpMaTHBHOCT^MH) flOnOJIHHTeJIB- 

ho onpeAejunoT ckopoctb pa3BHTira fle<|>eKTa, t.k. cTaHOBjrrrai H3BecTHBiMH ABa 
OTcneTa BpeMemi (ti, t2) b momcht pa3pyinemra cjioeB. IlepBBiM pBeTCfl cjioh c 
MeHBmefi Ae(J)opMaTHBHOCTBK> (5i), BTOpofi - c 6onBnieH (82). HanpHMep, ecjin 
MarHCTpajiBHBra TpyGonpoBOA rop^raero TenjiocHa63Kemra BBmojiHeH H3 CTajra c 
Ae<^opMaTHBHOCTBio 83, co6jnoflaK>T ycnoBHe 81 < 82 < 83. IIojiaraeTCfl, hto Tpy- 
6onpoBO# pa6oTaeT b cTan;HOHapHOM peacHMe. 

B npeflnojioaceHHH jraHeimoH mo^jih njioma^KH TeKynecTH Tpy6HOH CTa- 
jra, nporao3 BpeMeHH oTKa3a Tpy6onpoBOfl;a, fljra KOToporo flHCTamjHH flo fle- 
<J>eKTa no H3MepeHHHM c HcnonB30BaHHeM o6enx cuoeB coBnann, BBmojiHaeTCJi 
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pacneTOM. HanpHMep, (t3 — te)=(t2 — ti)x(83 — 82)/(82- 81). Ecjih npmwTB, hto (t2 — 
ti)=10 AHeS, (62- 8i)=5%, (83- 82)=10%, to pacHeraoe BpeMa (t3- 12> cocTaBHT 
20 flHefi. JJp HCTeneHiia 3Toro cpoxa c MOMeHTa BpeivieHH ti 9 b HacraocTH, c 2-3-x 
AHeBHEiH 3anacoM ? bbhiojihjeot Bee HeoGxoflHMBie Meponpiarnra h pa6oTBi Rim 
HeflonymeHHH aBapHH. ^to BaacHO ftjw oco6o onacHBix o6i>eKTOB, Haxofl^mHxe^ 
b nepTe ropo#a, npH nepeceHemm c acejie3HOH floporofi h T.fl. 

K o6ojioHKaM c IICC b onpeAeneHHOH Mepe noflxoAHT Teopira xpynioax 
TeH30HyBCTBHTejiBHBix noKpMTHH. JIaKOBoe noicpBrrae ,n;aeT npH TapHpOBKe 10- 

20% TOHHOCTB BLMBJieHHH Hanp^^eHHO-flei^OpMHpyeMOrO COCTOJIHII5I MexaHH- 
HeCKHX ITCfleJIHH. JJjW O^HOCJIOHHOH BOJIC He Tpe6yeTCH HfleHTHHHOCTB IIpOH- 

hocth ynacTKOB (napTHH) oirroBOJiOKHa. Baaoio, *ito6bi 3Ta <|>H3HHecKaa Bejm- 
Hima HaxoAHJiacL b 30He ruiacTHHecKHX fle<|>opMaiXHH CTajiBHofi Tpy6ti (0,5-27% 
BejiHHHHBi HanajitHoro ee flHaMeTpa c yneTOM copTa cTariH h HajiHrara- 
OTcyrcTBiM onepaiiHH KajiH6poBKH), t.k. hmchho «iuiacTHKa» hbjmctch Heorb- 
eMJieMBiM aTpH6yroM hckombix #e(|>eKTOB. B 3aBHCHMOcra ot MeTo^a pa3Meme- 

HH5I CJIOH Hy^KHO TaiOKe, HT06&I BOJIOKHa C a#re3HOHHBIM 3anojiHHTejieM b KaHaB- 

Ke (no3rajM 8, 9 4>HiypBi 1) xopomo pa6oTajiH Ha cocaine, hto co6jnoflaeTca pa- 
flOM KOHCTpyKinHOHHBix MaTepnajiOB, BKJiioHafl cTeKJio h anoKCHAHyio MaTpHuy. 

B pe3yjiBTaTe BwmeonHcaHHBix onepaiprii nojiynaioT o6pa3eii;-cBH#eTejiB 
(KOHTpojiBHBiH o6pa3eij) coctohhhh noBpeacfleimocTH o6i>eKTa. MeTpojioraa 
npeflJio^ceHHoro no^xofla 6a3HpyeTca Ha MeTpHHecKHx cBOHCTBax bhhtobbix no- 
BepxHocTeS, Teoprai xpyracHX noKpWTHH, 3aKOHOMepHocrax MexaHHKH pa3pyme- 
hhh #jm HarpyaceHHOH BHyipeHHHM flaBneHHeM ajihhhoh ipuiHHflpHHecKOH 060- 

JIOHKH C fl;e<|>eKTOM H B03M02CH0CTH Ha6jIK)fleHHfl (oGcjieflOBamM) COCTCMIHHa 06- 

pa3ixa-CBHfleTejM b npocTpaHCTBe h BpeMeHH. 

06cjie,nyK)T 3tot o6pa3en; onTHHecKHMH KOJie6aHHHMH, b HacraocTH, npo- 
nycKan nepe3 Hero onTHHecKHe HMnyjiBCM c H3BecTHBiMH napaMeTpaMH. JJjvl Ka- 
necxBeHHoro Tpy6onpoBOfla 3neKTpoMarHHTHaH BOJiHa pacnpocTpaHfleTca b IICC 
c HeKOTOpBiM nocTOHHHLiM noroHHBiM 3aTyxaHHeM, He BCTpenaa Ha cBoeM nyTH 
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OmyTHMBDC npeiMTCTBHH (HanpHMep, flJM BOJIC flHaMeTpOM 125 MKM H3BeCTeH 

K03(|>(|>iim*eHT 3aTyxaraM 0,2 jjE/km npH fljraHe bojihbi okojio 1,6 mkm). B Koime 
Tpy6onpoBOfla Bojma OTpaacaeTca Ha rpamme noBepxHocTH h 6e»cHT Ha3a# (06- 
paxHo). 3tot nepHOflnnecKHH npcmecc co BpeMeHeM ocjia6jiaeTCJi h npeicpama- 
eTC5i. PeracTpHpyiOT npjnviyio hjih o6paTHyio o6cjie,nyiomyK) 3JieKTpoMarHHTHyio 
BOJiHy b TOHKax no KOHijaM oGteicra. JJjul npoT^DKeHHHx yqacTKOB kohtpojib bo3- 
HHKHOBeHHH ^ei^eKTOB no np^Mofi Bojrae 6onee 3(j>(|>eKTHBeH, t.k. yMeHBniaex 
noroHHoe 3aTyxaHHe, CB*3aHHoe c yflBoemieM nym pacnpocTpaHemra sjieicrpo- 
MarHHTHOH bojihbi npH ee o^otohchhom BBO^e b Tpy6onpoBOfl, 

ripHMaa Bojma perHCTpnpyeTCJi b tohkc Ha npoTHsonojiomiOM KOHiie Tpy- 
6onpOBOfla (ynacTKa) OTHOcHTenBHO tohkh BBO#a HMnyjiBca. OipaaeeHHaa Bojma 
- HenocpeflCTBeHHO b tohkg BBOfla. Pa3,zjejieHHe npHMoit h OTpaaceHHOH bojih 
npoBOflHTCja, b nacTHOCTH, no BpeMeHHOMy npH3Haicy. HanpHMep, ajm 1000 MeT- 
poBoro ynacTKa flnaMeTpoM 350 mm, maroM bhhtoboh noBepxHocra 20 mm h H3- 
BecTHOH cKopocra pacnpocTpaHemra 3JieicrpoMarHHTHOH bojihbi, 3ana3ABisaHHe 
OTpaaceHHoft bojihbi cocTaBHT npHMepHo 0,35 mc. Bo3MOhchbi apyrae MeTO#Bi 
pa3,2i;ejieHHH hjih npHMeHemie hcckojibkhx MeTOflos pa3AejieHira. 

IIoBpe^cAeHHBiH cjioh, HanpHMep, b cjiynae bo3hhkhobchh9 b Tpy6e npn 
3KcnjiyaTan;HH ,n;e<|>eKTa, OTpaacaeT nacTB bojihbi b TOHKe HapyineHira ciuioihho- 
cth MaTepHajia, nacTB nponycicaeT flanBine. CooTHOineHHe nacTeS 3aBHCHT ot 
xapaicrepa noBpeacfleHira, T.e. ot napaMeTpoB ,n;e4>eKTa. npH KOHTpojie MeTOflOM 
npiiMoft bojihbi ee aMmiHTyfla b TOHKe CBeMa cooTBeTCTBeHHO yMeHBmaeTca. Ho 
3to yMeHBmeHHe modkct 6bitb pe3yjn>TaTOM h HecKOJiBKHX Hapymemm IICC 
(HanpHMep, ijenoHKOH pa3po3HeHHBix ,n;e<i>eKTOB), ecjiH ohh no BpeMemi nponc- 
xoa^t Me^cfly flByM* nocBuncaMH HMnyjiBcoB. Tjiy6HHa fle^eicra He peracTpHpy- 
eTca, T.e. 3Ty BejiHHHHy cneflyeT cwraTB 6ojn>meH flHaMeTpa HcnonB3yeMoro 
onTOBOJioKHa (hjih rjiy6HHBi KaHaBKH, b KOTopyio oho yjioaceHo). 

JJjix TOHHoro HaGjnofleHHH 3a (J) aKTHH e ckhm cocToairaeM Tpy6onpoBO#a, 
Haflenemioro cbohctbom npoMBinuieHHOH KOHTpojienpnroflHOCTH, HafifleHHyio 
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H3 pacneTa BejmHHHy mara ycTaHaBJiHBaiOT, HanpHMep, ...0,2h, 0,3h, ...0,7h... kh, 
T.e. KOinpojiHpyioT pa3Mep He onacHoro ^e^eKTa h nporao3HpyK)T ocTaTOHHBifi 
pecypc o6T>eKTa. Ko3$(])HiXHeHT k<l MoaceT 6bitb yB£3aH c OTpacjieBBiM ko3<|>- 
4>HitHeHTOM 3anaca npoHHOcra o6ojiohkoboh KOHcipyicimH. Ee3aBapmfflocTB 
Tpy6onpOBOfla o6ecneHHBaioT cBoeBpeMeHHBiM cmcKeHHeM b hSm pa6onero 
^aBJieHHH, HanpHMep, b 1,5-2 pa3a aBTOMaTHHecKHMH ^eficTBH^MH CHCTeMBi 
ynpaBJieHHfl TpaHcnopTOM npo,nyKTa no npH3Haicy, HanpHMep, OTcyrcTBira (T.e. 
H3MeHeHHH) o6cjie,ayK)ineH bojihbi (npHMOH, OTpaaceHHofi) b cooTBeTCTByronmx 
TOHKax TpyGonpoBO^a hjih no KOMaHfle onepaTopa CHCTeMBi (He noKa3aHo). 

PaccTo^HHe flo fle(|>eKTa HaxoAHT no npoHSBeflemno #jihhbi o6ojiohkh Ha 
OTHomeHHe BpeMeH npoGera onraHecKHX HMnyjiBCOB b ITCC nocjie h flo no^B- 
jiemra fle<|>eKTa. HanpHMep, 3TO paccTOjnme jjjih Tpy6onpoB0fla ajihhoh L^IO 
km h BpeMenaMH npo6era HMnyjiBca nocjie h ,n;o noaBJiemra TpemHHBi cootbct- 
CTBeHHO t=25 mkc, T=1000 mkc cocTaBHT, KaK 3TO cjie,oyeT H3 MaTeMaTHHeCKOH 
(fropMyjiti X==Lt/T, ot o^Horo H3 kohiiob Tpy6onpoBO,zja, 0,25 km. PaccTO^HHe 
npH HenpepBiBHBix omiriecKHX KOJie6amwx HaxoA^T <J>a30BBiM MeTOflOM. 

IloBTopeHHe HMnyjiBca orpaHHHHBaioT BejiiramoH, nojiyneHHOH ot flejie- 

HHH flBOHHOH fljfflHBI BHHTOBOH nOBepXHOCTH Ha CKOpOCTB pacnpOCTpaHeHHH 
3JieKTpOMaTHHTHOH BOJIHBI B ITCC. B HaCTHOCTH, BBl6HpaiOT H3 HeoGxOflHMOTO 

BpeMeHH TpeBora: pa3 b ceieynny, MHHyTy h T.fl., hto no3BOJweT onpe^ejiHTB 
MOMeHTBi B03HHKHOBeHHH h #ocTroKemra fle^eKTOM ycTaHOBJieHHoro pa3Mepa. 

nocjie perHCTpaujra napaMeTpoB KOJie6aHHH b 3aBHCHMOcra ot CHTyau;HH 
«ecTB hjih HeT H3MeHemifl napaMeTpa», ycTaHaBJiHBaiOT HaJiirrae hjih OTcyTCT- 
BHe Ae^eicra b o6Beicre. TeoMeTpHHecKHH pa3Mep BLMBJiaeMoro ae(J>eKTa npH 
oroBopeHHBix no TeKCTy onHcamra ycjiOBirax - okojio h. B OTflejiBHBix cjiynaax, 

B 3aBHCHMOCTH OT (})OpMBI H pacnOJIOECeHHfl fle^eKTa OTHOCHTeJIBHO BHTKOB CIIH- 

pajiH, «xpyracocTH» ee MaTepnajia, pa3Mep 6y^eT MeHBine, HanpHMep, rjul chm- 

MeTpHHHOH BHTKy nOBepXHOCTHOH TpeBQHHBI. 

IIpeHMymecTBO AByxToneHHoro BBO«a (tohkh no KpaaM Tpy6onpoBO,n;a), 



HC3BBHCHMO yHHTBiBaiomero pa3fleJieHHe IICC Ha nacra - OTcyrcTBHe Heo6xo- 
flHMOCTH HeoTno^cHoro peMOHTa cjioa. Hto Baaaao c tohkh 3peHHfl y,zjo6cTBa H 
3^^eKTHBH0CTH 3KcnnyaTaixHH npocTpaHCTBeHHO pacnpefleneHHOH chctcmbi 
TpyGonpoBOfla 1. Bo3moecho paBeHCTBO nncjia ToneK BBO^a HHCJiy KpaHOBBix 
nnomaflOK (KOMnpeccopHBix hjih HacocHBix cTamiHH) o6Beiera kohtpojm. IlpH 
3TOM pemeHHe, Bepoflrao, Gy^eT onTHMajiBHBiM. Ha,n;e:>KHOCTB ero BLime 3a ch6t 
Ay6jiHpOBaHiM (pe3epBHpoBaHHa) ToneK BBOfla, ho peMOHT ynacTKa cpa3y nocne 
yKa3aHHH RefyeKia rapaHTHpyeT kohtpojib c o^hoh tohkh. 

IICC He nyBCTByeT HanajiBHBie Maji03HaHHTejiBHBie ^e^eKTBi, HanpHMep, 
Koppo3HK> ? Morymyio 3aHHMaTB 6ojiBmyK) noBepxHocTB o6i>eKTa. PearapyeT 
tojibko Ha RefyeKThL, BBi3BaBnme JioKajiBHoe H3MeHeime HanpjDKeHHO-,o;e<|>opMH- 
pyeMoro coctohhbui KOM6HHHpoBaHHoft KOHCTpyKUjm, paBHoe hjih 6ojiBmee yfl- 
jnmeHHH BOJIC npH pa3pBme, hto b AaHHBix ycnoBroix aAeKBaTHBift npH3HaK ee 
HeflonycTHMoro noBpeacaeHira. .ZJe^eicrBi He onacHBie b MOMeHT o6cneflOBamra 
3KcnjiyaTai(HH Tpy6onpoBO.ua He #aioT jioechbix cpa6aTBiBaHHH, yMaJDnomHX 
kohtpojib KaK TexHonorHHecKyro onepamno. 

YcTpoHCTBO KOHTponH Tpy6onpOBOflOB pa6oTaeT cjieflyiomHM o6pa30M 
(cm. <J>Hrypy 3). Bjiok 6ecnepe6oHHoro nHTamra 12 (aiacyMyjMTOpBi b KOMruieicce 
c jiHHHefi 3JieKTponepeAaHH, 6eH303JieKTpocTaHUHeft h BBmp^MHTeneivi) CHa6aca- 
eT 3JieivieHTBi ycTpoficTBa 3Hepraefi He3aBHCHMo ot nepepBiBOB 3HeprocHa6ace- 
hhh. IIpeo6pa30BaTejiB 13 BBiflaeT 3a^aHHBie KOJie6aHHfl (HMnyjiBCBi) c noMonjBio 
onTosjieKTpoHHOH napBi 14 (BBmojmeHa, HanpHMep, c jia3epHBiM H3JiyHaxejieM, 
(J>OTonpHeMHHKOM h npH3MOH), b BOJIC 4 (AaTHHK) Tpy6onpoBO,zja 1, a C JIHHHH 
— b mohhtop 15. IlapaMeTpBi onTHHecKHx HMnyjiBcoB He MeHM)TC5 noKa nofl- 
pacTaiomHe 3a BpeMa 3KcnnyaTaijHH o6TE>eKTa noBpeacfleHira MeHtme h. Kor#a 
pa3Mep jno6oro H3 hhx AOcinrHeT h, IICC pBeTca b TOHKe flec^eKTa h BpeMa 
npo6era onraHecKHX HMnyjiBcoB yMeHBmaeTC*. IIponopUHOHajiBHO nojioaceHino 
fle<J)eKTa b^ojib TpyGonpOBO^a. 3to 4)HKCHpyeTCfl h nepecwrBiBaeTca cpeflCTBa- 
mh MOHHTopa 15 (ycTpoHCTBO BBi6opKH-xpaHeHH>i ? aHajioro-i^tfrpoBOH npeo6pa- 
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30BaTejn>, KOMm>ioTep, CHCTCMH06 h npeflMeraoe nporpaMMHoe o6ecneneHHe, 
.upafiBepbi) b AHCTaHipno ,a;o fle^eicra no MaTeMaTHHecKoft <|>opMyjie oimcaHiM. 
Ha ycTpoScTBO He bjihsdeot aneKTpoMarHHTHBie noMexn — chjibho pa3HeceHBi 
cneicrpBi nojie3HBix h napa3HTHBix KOJie6aHHH. JIa3ep nonynpoBOAHHKOBOH napBi 
14 (H3JiynaeT b #Hana30He ajihh bojih 0,3-30 mkm HMnyjiBCBi fljmTejiBHOCTBio flo 
10~" 9 c, mohjhoctbio flo 10 5 Bt, Kim 40-60%) flenaeT ycTpoftcTBO Hafle^cHeft h 
flOJiroBeHHefi, Hero He o6ecneHHBaeT npH HenpepBiBHBix KOJie6aHirax H3-3a Ten- 
noBoro neperpeBa. Orrai6Ka HaxoEyjeHira paccTOJiHira #o Ae^eKTa (npoflOJiBHOH 
KOOp^HHaTBi) 3a^aHa tojibko maroM BOJIC, t.k. otho CHTe JiBHasi norpemHOCTB 
jia3epHBix H3MepeHHH (aTajiOHOB ceKyHflBi - 10~ 12 , MeTpa ~ 10" 10 ) BecBMa Majia. 
OnraGKa yrjiOBOH KOOpflHHaTBi MO^cer cocTaBHTB MeHee 1-3°. 

H3 npe^Bmymnx onepai^HH h peKOMeHflaaHH cJie,oyeT, hto K034>4 )H « HeHT 

BBMBJMeMOCTH fle^eKTOB 3aBHCHT OT COOTHOmeHHfl flJIHHBI Tpy6BI C I1CC K IIOJI- 

hoh ee fljiHHe. HanpHMep, nacTB iiHJiHHApHHecKOH noBepxHOCTH noa kpomkh 
ctbikoboto CBapHoro nma (no3HujM 16 (JrarypBi 3) 6e3 crrapanH, fla&r #jm 12 

MeTpOBOH CeKIlHH C KpOMKaMH 2 CM paCHeTHBIH 1^=0,996(6), C KpOMKaMH 1 CM 

- 0,998(3). B cnynae nonHoft cnnpajra K M =1. npH MOHTaace Tpy6onpoBOAOB H3- 
BecTHBiMH MeTOflaMH IICC cpamHBaiOT, HanpHMep, CBapKoft. TaK, peniaeTC* 
nepBaa HacTHan 3a,a;aHa H3o6peTemw h OTKa3 Tpy6onpoBO,n;oB npaKTHHecKH hc- 
KjnoHaeTC^, pecypc hx y b e jihhhb aeTC . 

JJjix 3aneHHBaHiM h paHHero peMOHTa TpenpiHOBHflHBix fle(|)eKTOB 060- 
noHKOBBix KOHCTpyioiHH b H3BecTHOM cnocoGe peMOHTa xpy6onpoBOflOB [5], 
aHajioraHHO BBirneH3Ji03KeHHOMy cnoco6y KOHTpojra <|>opMHpyioT yica3aHHBra 
cjioh, o6cjie,nyK>T ero onraHecKHMH KOJie6aHiMMH h onpe#ejraioT H3MeHemra hx 
napaMeTpa. llo 3thm H3MeHeroraM nomiacaioT flaBJiemie b nojiocra (cm. a63an; no 
CHCTeMe ynpaBJiemra h onepaTOpy), HanpHMep, KJianaHOM hjih BeHTHJieM, a boc- 
CTaHaBJiHBaioT fle<J>eKTHyio CTemcy xpy6onpoBO#a 1 xennoM onxHHecKHX Kone- 
6aHHH, nponycKaeMBix cjioeM b pacKpBiTHe TpenjHHBi. 

Tax KaK IICC, hto cjieayeT H3 BBimeH3Jio>KeHHBix ocHOBarora, y^e pa3- 



15 




pynieH ipenmHOH, a 3aTyxaHHe oiithh e ckhx KOJie6amiH b cjioe, KaK OTMenajiocb 
npn oiracamm o6cjieAOBamra Tpy6onpOBOfla 3JieKTpoMarHHTHBiMH BOJiHaMH, 
Mano, — nacTL 3HeprnH c^oKycHpoBaHHoro jia3epHoro H3JiyHerara, pacnpocnpa- 
HHioma^c^ b TaKOM BOJiHOBOfle, aBTOManiHecKH KOHixeHTpHpyeTCH hm 6jiaroaapH 
KaHaBKe tohho b pacKpBixne TpemHHBi h TaM penaKCHpyeT 3a cneT MHoroKpaT- 
HBIX OTpa^ceHHH. 

3to BBi3BiBaeT 34>^eKTHBHBiH HarpeB GeperoB TpemHHBi h npHJieraionpix k 
hum pafioHOB cTeracH 2 6e3 HcnapeHira MeTajuia. IIpH 3tom Tpeimma He pa3BHBa- 
eTca, t.k. npmqpBiTa fleftcTBHeM ynpyrux ^e^opMaii;HH b CTemee ot BbraojraeHHO- 
ro paHee chedkchhs pa6onero flaBjiemra b o6T>eicre 1 . IIotok Tenna b pacKpEirae 
peryjiHpyioT moiupoctbio (aMnnHTyAofi) nponycKaeMBix cnoeM oiithhcckhx ko- 
neGaHHH. HanpHMep, HcnojiB30BamieM KOJie6aHHH c flByx Toneic BBOfla, hto 
BnojiHe flonycKaeT BBimeH3Jio»eHHBra cnoco6 KOHTpojw, noflKjnoHeiraeM Jia3e- 
poB 6oJitmeH 3HepreTHHecKOH moiuhocth hjih MOflyjumHefi ao6pothocth TBep- 
^OTejiBHoro Jia3epa c aKTHBHBiM BemecTBOM H3 CTeKJia c npHcaflKOH HeoflHMa. 

Hy^KHLie TeMnepaiypa, ckopoctb hjih Bpeivw Harpesa onpe,n;ejraioTca MaTe- 
pHanaMH ctchkh h Moryr 6bitb noAo6paHBi 3KcnepHMeHTajiBHO. #jra yMeHBnie- 
him MexaHHHecKHx Hanp^eHHH b pafioHe Ae^eKTa (pamraft peMOHT) BpeMfl Ha- 
rpeBa (ocTBiBamra) BLi6HpaiOT ? HanpHMep fljnrrejiBHOCTBio h hhcjiom jia3epHBix 
HMnyjiBcoB, nponycKaeMBix b cnoe b ceicyHAy. Ana ctho cth rpeiomerocs 
b6hh3h fle^eicra onTOBOJiOKHa (hto6bi He 6bijio ero hobbix pa3pBiBOB h cootbct- 
cTBeHHO AonojiHHTenBHBix noTepB 3Heprmi bojih Ha OTpaacemie o6paTHO b cjioh) 
moiu;hoctb nponycKaeMBix onTHHecKHx KOJie6aHHH ysejiHHHBaioT He6ojn>niHMH 
CTyneiMMH, H3MeEura aMnjiHTy^y hjih BpeMfl Kone6aHHH. 

Bepera TpemHHBi TenjioBBiM pacnrapeHHeM MeTajuia c6jiH5KaiOTai h ocy- 
mecTBJMioT KOHTaKraoe B3aHMOfleHCTBHe ? T.e. CBapKy. rpamnja TpemHHBi on- 
jiaBJiaeTca h cniaECHBaeTca, hto nocne ocTBiBaHHH cimacaeT HHTeHCHBHOCTB oc- 
TaroHHbix Hanp^eHHH b TOHKe BOCCTaHOBJiemw. 3ajieHHBaHHe B03M03KHO b 

KOHCTpyKHJMX H3 aJHOMHHHil H erO npOMBIHUieHHBIX CnnaBOB, MeflH H HeKOTO- 
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pbix ee cnnaBOB THna 6poH3, jiaiyiffl, pp. MeTanjiOB h TepMoiuiacTOB. 

JIjul cTanefi h MeTajuioB c TeMnepaiypoH nnaBJieHira BBime TeMnepaTypBi 
pa3M^TH6HHH cTeKna peMOHT cTeHKH BBmojnraeTca 3anojmeHHeM KaHaBKH (Ha- 
KaTKH) cTeioroM, T.e. HMeeT MecTO oflHa H3^onepac[HH cBap KH ~ nainea. IIpHHeM, 
BJiiMeT K03(J)4)H^eHT 3anaca IICC. Pojib KaHaBKH HipaeT caMa Tpenpma. 

TaKoe BoccTaHOBJieHHe ctchkh no3BOJraeT oGohthcb 6e3 aBapHHHOH ocra- 
hobkh o6*eKTOB, conyTCTBj^omHX efi 3aTpaT h o6ecneHHBaeTcs npe^cTaBJieH- 
hbim Ha 4>Hrype 3 ycTpoftcTBOM rjix kohtpojm Tpy6onpoBOflOB. 

Jlflx 6jiH^caHnrax aHanoroB h npoTOTHna 3to 03HaHaeT ycKOpeHHe peMOHTa 
h coKpamemie ero no^roTOBHTejiBHoro h TexHOJioraHecKoro BpeMeHH. 

S^^eKTHBHOCTB npe,a;jio}KeHHH MaKCHMajiBHa rjvl MarHCTpanBHBix Tpy6o- 
npoBOflOB h T.n. KOHCTpyKu;HH, pa6oTaK>mHX nop 6ojibhihm rqbr&jx&gm, b t.h. 
rasoHec^TenpoBOflOB. MeHBnie ajih MarHCTpajieft ropanero BOfloCHaGHcemra, rae 
pa3pymeHHe TpemHHoii He npeBajiHpyeT, h mar IICC onpe^ejunoT, HanpHMep, 

CpeflHHM pa3MepOM (AHaMeTpOM) KOpp03HOHHBIX CBHmeH H3 pe3yJIBTaTOB CTaTH- 
CTHHeCKHX HCCJieflOBaHHH. MOHTa^KHBie fle(|)eKTBI CBapKH yHHTBIBaiOT yMeHB- 

meHHeM h b pafioHe cTBiKa 1 6. 

3aTpaTBi Ha 3KOH omhhgckhh 3(|><|>eKT c ynexoM nojiHOTBi h BapnaHTOB pea- 
jiH3aitHH o^ECHAaioTca Ha ypoBHe ,n;o 10% ctohmocth Tpy6 aHanoraHHoro Tpy6o- 
npOBOfla 6e3 npeflJio^ceHHBix fyymmpw. Toace KacaeTca o6ojiohkobbix KOHCipyK- 
h;hh LtHJiHHApHHecKoro THna npHMenaeMBix b se^ymnx OTpacjwx: 6ajuioHBi Aafi- 
jiemra, ra3rojiBAepBi ? pe3epByapBi ajm He^TexHMHnecKHX npcnyKTOB, Kopnyca 
pa3JIHHHOrO Ha3HaHCHHH, cocyflBi, 6aKH h T.n. 

TaKHM o6pa30M, H3o6peTeHHe oGecneHHBaeT cymecTBeHHBie ycoBepmeH- 
CTBOBaroM h noBBimeHHe 3 cj) (|> ckthbhocth Tpy6onpoBOAOB h T.n. KOHCTpyKipra, 
yjiynmeHHe 3KonorHH h coxpaHeHHe cpeflBi o6HTamDi nejioBeKa. 



Hctohhhkh HH<|>opMamiH, npmraTBie bo BHHMaHHe npH 3KcnepTH3e: 

1. NATIONAL STANDART OF CANADA. CAN3-Z163- M86. OIL 



PIPELINE SYSTEMS ./KAHA^CKHH HAIJJiOHAJIbHblH CTAH£APT. 
CAN3-Z183-M86. CHCTEMM HEOTEEDPOBOflOB. (IIEPEBOfl). (TlepeBOfl 
BBraonHeH HayHHo-TexHimecKHM BteirrpoM "He$TenpoMflHaraocTHKa") r. CA- 
MAPA. H3a-bo "CaMapcKHfi aom" 1994, 196 c. 

\X/2, 3. KojuiaKOT P. ^HarHoennca noBpeacfleHHH. Ilep. c aHra.- M.: Mnp, 

1989, c. 220-222, 440-44^^ototoi^) 

4. TexHHnecKHe cpe#CTBa .zpiarHocTHpOBaHHfl. CnpaBOHHHK/TIofl o6m. pep,. 
B.B. KraoeBa- M.: MamHHOCTpoemie, 1989, c. 601-612. 

5. nareHT N° 2118738 Ha H3o6pereirae «Cnoco6 h ycTpoficTBO ajih pe- 
MOHTa Tpy6onpoBOAOB». OnyGjiHKOBaHO 10.09.98 Bion. N» 25. 

6. CHHKJiep ilH. BBe^eHHe b ip«t>poByio 3ByKOTexHHKy: Ilep. c aHrJi.- M.: 
3HeproaTOMH3flaT, 1990, 80 c. 
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0X3PMYJIA H30BPETEHHH 

TjTpy6a, oTJiH^aronjaflca TeM, hto HMeeT, no MeHBinefi Mepe, oahh npOBO- 

flanpiH CIIHpaJIBHBIH CJIOH JlflSl KOHTpOJM H peMOHTa CTCHKH. 

2. Tpy6a no n. 1, OTJinnaiomaflCfl TeM, hto yKa3aHHBiH cjioh BBinojmeH b 

CTeHKe B BHfle KaHaBKH, 3anOJIHeHHOH CTeKJIOM. 

(^.1Cnoco6 kohtpojm Tpy6onpoBOflOB ? 3aKJiK)HaK>iitfmca b tom, hto o6cne- 
flyioT Tpy6onpoBO.li;, peracTpnpyioT xapaKTepHCTHKH ctchkh h onpeflejimoT ee 

fle^eKTBI, OTJIHHaiOmHHCH TeM, HTO HaKaTKOH CTeHKH H 3anojiHeHHeM HaKaTKH 

CTeioioM 4>opMHpyioT b Tpy6onpoBOAe, no MeHBinefi Mepe, oahh npoBOwniijra 
cnnpaiibHBiH cjioh, o6cJieayioT ero onraHecKHMH KOJieGaHiraMH, a fle^eKTBi ctch- 
kh onpeflejunoT no H3MeHeHmo napaMeTpoB KOJie6aHHH. 

4. Cnoco6 no n. 3, OTJiHHaronpiHca TeM, hto bhhtoboh mar cjioh BBi6HpaK)T 
He 6ojiBine ajihhbi kphthhcckoh TpenjHHBi Tpy6onpoBOAa. 

5. Cnoco6 no n. 3-4, OTJiHHaromHHca TeM, hto paccTOHHHe ao RefyeKTa. Ha- 
xoaht no npbH3Be#eHHK> ajihhbi Tpy6onpOBOAa Ha oTHomeime BpeMeH npo6era 
onTHHecKHX HMiiyjiBCOB nocjie h ao noaBJieinra Aecj>eKTa. 

6. Cnoco6 no n. 3-5, OTJiKHaiomnftc^ TeM, hto ^opMHpyioT cjioh pa3HOH 
Ae^opMaTHBHOcra, a cpoK OTKa3a Tpy6onpoBOAa onpeAejraioT pacneraBiM nyTeM 
no 3HaneHiMM Ae(J>opMaTHBHOCTH cjioeB h CTemcH h BpeMeHH pa3pymeHira cjioeB. 

(^7?)Cnoco6 peMOHTa Tpy6onpoBOAOB, 3aKJiK>HaK>n*HHca b tom, hto noHH- 
acaioT b nonocTH AaBJieHHe h BoccTaHaBJiHBaiOT Ae^eKTHyio cTemcy, OTjranaio- 
mnHCH TeM, hto, KaK h b npeABVJynjeM cnoco6e, ^opMHpyioT b Tpy6onpoBOAe 
yKa3aHHBifi cjioh, o6cneAyioT ero, ho no H3MeHemi5iM oirmHecKHX KOJie6aHHH 
noHH^caioT AaBJiemie b nojiocra, a BoccTaHaBJiHBaiOT AS(|>eKTHyK> cTeHKy Ten- 
jiom Kone6aHHH, nponycKaeMBix cnoeM b pacKpBrrae TpemHHBi. 

8. Cnoco6 no n. 7, oTJiHHaiomHHCH TeM, hto noTOK Tenjia b pacKpBirae 
TpemHHBi peryjiHpyioT moidihoctbio nponycKaeMBix Kone6aHHH. 

9. Cnoco6 no n. 8, OTHHHaiomHHca TeM, hto mohihoctb nponycKaeMBix ko- 
jieGaHHH yBenHHHBaioT cTyneiuiMH. 
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(Jo^ycTpoHCTBo fljia ocymecTBjieHHa cnoco6a HQji^-^coflepHcanjee ppr- 
hhk h mohhtop, OTJiiraaionjeecji TeM, hto cHa6aceHO noaneflOBaTejiBHO coeflHHeH- 
hbumh 6jiokom 6ecnepe6oHHoro mrraHiw, npeo6pa30BaTejieM nocTOHHHoro Ha- 
upaaceHHa b nepeMeHHoe n onT03JieicipoHHOH napon, KOTopaa coeflimeHa c AaT- 
hhkom - BOJioKOHHO-onTHHecKofi JiHHHefi, o6pa3yiom,eH npoBOAamnfi cirapajit- 
hbih cnoii TpySonpoBOfla, h nepBtiM bxoaom Momrropa, BTopofi bxoa KOToporo 
ncmuHoneH k Bbixo^y npeo6pa30BaTejM HanpjDKeHira b nepeMeHHoe. 

11. YcTpoHCTBO no n. 10, OTJisraaioineecfl TeM, hto b onToaneicrpoHHOH na- 
pe H3jryHaTejiB BtinojraeH b BHfle najepa. 
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Tpy6a, cnoco6 h ycTpofierBO pjw ycoBepineHCTBOBaHHH 

Tpy6onpoBo/i;oB h T.n. KOHCTpyicmm 





ABTop: TypoBA.E. 
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Tpy6a, cnoco6 h ycrpoHCTBO fljw ycoBepnieHCTBOBaHHH 

Tpy6onpOBOflOB H T.n. KOHCTpyKIJHH 






PEOEPAT 



H3o6peTeHne othochtc* k Tpy6onpoBOflaM h t. n. KOHCTpyiapwM h MoaceT 
Hcnojib30BaTbCH b aBHamm, MeTannypniH, cyflocTpoeHHH, He^Tera30BOH, pa- 
KeTHo-KOCMEraecKOH, xHMHHecKOH h pp. OTpacjrax npoMBimjieHHOCTH. 3a,n;aHa 
H3o6peTeHiw - noBBimeHHe 0TKa30ycT0HHHB0CTH KOHCTpyKHHH nyTCM onpeAe- 
jiemiH ^e^eKTOB h ynpOHHeHHa ctchkh b peariBHOM BpeMeHH. 3aflana peniaeTca 
TeM, hto Tpy6a mvieeT, no MeHBmeH Mepe, oahh npOBOflannra: cnnp anBHBiH cjioh, 
fljia Kompojia h peMOHTa ctchkh H3JiyneHHeM na3epa. Cjioh b CTeHKe BBraojraeH 
b BHne KaHaBKH, 3anojiHeHHOH ctckjiom. B cnoco6e KOHTpojw Tpy6onpoBOflOB 

^OpMHpyiOT B CTeHKe IIpOBOflfllHHH CnHpaJIBHBIH CJIOH HaKaTKOH CTeHKH H 3a- 

nojmeHHeM HaKaTKH CTeiaioM, o6cjiejjyioT cjioh oimraecKHMH KOJie6aHHHMH, a 
^e^eicT onpe^eJiaioT no H3MeHeHHK> hx napaMerpoB. Illar cjioa Bfci6HpaK)T He 
6onee ajihhbi KpHTHHecKon TpeinHHBi Tpy6onpoBOfla. PaccTOflHHe ao TpenniHBi 
Haxo^«T no npoH3BeaeHHK> flJiHHBi Tpy6onpoBOfla Ha oTHomeHHe BpeMeH npo6e- 
ra onTHHecKHX HMiiyjiBCOB nocjie h no ee noflBJiemui. B cnoco6e peMOHTa 3ane- 
HHBaHHe TpemHHBi npOH3BO,naT TennoM onTHHecKHX KOjie6aHHH, nponycKaeMBix 
cjioeM b ee pacKpBirae. Yctpohctbo pjm ocymecTBJieHHH cnoco6a cHa6»ceHo no- 
nojraHTejiBHBiMH 6jiokom h npeo6pa30BaTejMMH, coeflHHeHHBiMH Meamy co6ofi h 
mohhtopom onpeAejieHHBiM o6pa30M. Ectb h flpyrae oTniraaa. B onHcarora npn- 

BeAeHBI MeTOflBI H3rOTOBJieHHfl Tpy6 C IICC, aJirOpHTMBI 4>yHKHHOHHpOBaHIM 
Tpy6onpOBOflOB H T.n. KOHCTpyKUHH, BapHaHTBI KOHTpOJIH H BOCCTaHOBJieHHH 

CTeHKH, xapaKTepHCTHKH ycTpoftcTB, flpyrae oco6eHHocTH h npeHMyniecTBa. 
OopMyna coflepxcHT 1 1 n., H3 hhx 8 - 3aBHCHMiie. HjiinocTpanim 3. 



CocTaBHJi: rypoBA.E. 
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